Background: Light emitting-diodes (LED) have various effects on living organisms
| INTRODUCTION
Light-emitting diodes (LED) are the preferred light source for phototherapy and have been developed to replace traditional light bulbs because of their lower cost and high variability of wavelengths. 1 LED have been used to treat dermatitis 2 and muscle analgesia, 3 as well as to remove bacteria in vitro. 4 Recent studies have reported that blue light irradiation inhibits cell growth in various cancers in vitro and in vivo. 1, [5] [6] [7] Phototoxic and antiproliferative mechanisms of blue light LED include inducing apoptosis, 6 autophagy 1 and cell cycle arrest. 7 We also reported that blue LED irradiation at 465 nm inhibited proliferation of HT-29 and HCT-116 cells by extrinsic apoptosis and mitogen-activated protein kinase (MAPK) pathways. 8 However, the mechanism of light reception in these cells, especially "non-visual" tumor cells, is unclear.
In animals, opsin-based photopigments act as photoreceptors for vision and other non-visual functions, such as circadian photoentrainment and pupil response. 9 Most animal opsin-based pigments are typical G protein-coupled receptors (GPCR). 10 Based on their amino acid sequences, opsins are currently classified into seven distinct groups, and more than 1000 opsin subtypes have been found in vertebrates. 11 Within those subtypes, Opsin 3 (Opn3), originally called encephalopsin, panopsin or teleost multiple tissue opsin, was first identified in the deep brain and internal organs of humans and mice. 10 Opn3 exhibits an absorption maxima at 460-470 nm and activation efficiencies of the G i and G o subtypes of G protein, which inhibits adenylate cyclase and decreases cyclic adenosine monophosphate (cAMP). 12, 13 Interestingly, Opn3 and its homologs are expressed in various non-visual tissues, such as the brain, liver, kidney and heart; furthermore, they work as photoreceptors and regulate GPCR signaling. 12 A previous report showed that opsins relate to phototherapy as photoreceptors in malignant melanocytes; 14 however, the role of Opn3 in colon cancer is unclear.
The aim of the present study was to investigate the effects of blue LED irradiation on colon cancer cells and to further dissect whether Opn3 functions as a photoreceptor in this process.
| MATERIALS AND METHODS

| Cell cultures and reagents
Human colon cancer cell lines HT-29 and HCT-116 were purchased from the American Type Culture Collection (ATCC, Manassas, VA, USA). Cells were maintained in RPMI 1640 medium (WAKO, Osaka, Japan) containing 10% fetal bovine serum, 100 U/mL penicillin and 100 lg/mL streptomycin (Sigma-Aldrich, St Louis, MO, USA) at 37°C
in an environment containing 5% CO 2 . NF023 (selective inhibitor of the G i/o a-subunit of G-protein) was purchased from Merck Millipore (Darmstadt, Germany).
| siRNA transfection
Cells were transfected with Opn3 siRNA (s24172) using Lipofec- 
| RT-PCR analysis
RNeasy Mini Kit (QIAGEN, Hilden, Germany) was used according to the manufacturer's instructions to prepare each total RNA sample, which was reverse transcribed with a high-capacity cDNA reverse transcription kit (Applied Biosystems, Tokyo, Japan 
| Western blotting
Cells were harvested and lysed using RIPA buffer (Thermo Fisher 
| Opsin 3 expression analysis by immunohistochemistry
This study was carried out in accordance with the Helsinki Declaration of the World Medical Association. Retrospectively, tumor samples of colon cancer were collected from formalin-fixed paraffin-embedded specimens that were resected at surgical operation in our institute.
Slide was immunostained using Anti-Opn3 antibody (SAB2700986;
Sigma-Aldrich) according to the manufacturer's instructions.
| Statistical analysis
All statistical analyses were done using Stat View version 5.0 (SAS Institute, Cary, NC, USA). Mann-Whitney U-test and the Wilcoxon signed-rank test were used for statistical comparisons. Differences were considered statistically significant at P < .05. Blue LED have been reported to have phototoxic and antiproliferative effects through the generation of intracellular reactive oxygen species (ROS); 15, 16 blue LED irradiation has also been reported to induce apoptosis by a mitochondrially mediated signaling pathway that reduces early-stage melanoma growth. 6 Recently, we reported that 10 min/d 9 5 d of blue LED irradiation induced apoptosis in colon cancer cells. 8 In this study, the irradiation method was changed to 30 minutes once, and cell growth was inhibited to the same degree; however, there was not a significant induction of apoptosis.
| Effects of blue LED irradiation on apoptosis
Interestingly, we found that autophagy markers were upregulated and autophagosomes were detected in irradiated cells. This exciting result suggested that the inhibitory effect on cell growth in cancer cells differed according to the blue LED irradiation protocol.
Autophagy is one of the catabolic cellular responses that sustains cellular metabolism against starvation or stress, whereby cellular proteins and organelles are engulfed, digested and recycled. 17, 18 Significant evidence supports a role for autophagy in sustaining cell survival, but, paradoxically, progressive cellular consumption by unrestrained autophagy results in cell death. 19, 20 In cancer cells, 
